In the clinical study of hyperlipemia, it is useful to know whether the excess plasma glycerides are due to inadequate clearance of dietary fat ("fatinduced" hyperlipemia) or to release of glyceride by the liver at a rate exceeding capacity for removal ("endogenous" hyperlipemia). When the endogenous glyceride appears to accumulate in response to increases in dietary carbohydrate, the term "carbohydrate-induced" hyperlipemia is often used (2) .
The most direct way to make this distinction is to feed a high-carbohydrate diet containing practically no fat for 1 to 4 weeks, followed by an isocaloric diet in which fat represents at least 40% of calories and to obtain serial plasma glyceride measurements during both dietary periods (2, 3) . Sometimes, fat induction can also be inferred from the presence of a normal plasma cholesterol concentration when the glycerides are markedly increased or by the observation that alimentary particles'! (chylomicrons) rise to the top of the plasma under appropriate conditions, leaving a clear infranatant layer. The preparative ultracentrifuge can sometimes be used to accelerate this separation. If hyperlipemia arises from both exogenous and endogenous sources, however, none of these tests may provide a decisive answer.
Two more specific methods have recently been developed for characterization of the glyceriderich lipoproteins and particles that occur in hyperlipemia. Starch-block electrophoresis has been adapted to define three different peaks of "particles" in plasma, two being associated with exogenous hyperlipemia and one representing endogenously synthesized glycerides (5, 6) . Polyvinylpyrrolidone (PVP) density gradient flocculation has been devised to achieve the same separations (6, 7) .
Earlier experience with electrophoresis on paper in buffer containing albumin (1, 8, 9) has suggested that the distinction between the two forms of hyperlipemia might be made by this simple and practical technique. The behavior on paper of the various glyceride-rich lipoproteins and particles in plasma is here compared with the results obtained by other methods, and the possible value of paper electrophoresis in studies of hyperlipemia is explored.
Methods Subjects Seventeen volunteers participated in studies of the effects of dietary fat and carbohydrate on plasma lipoproteins. They were defined as normal because their parents and siblings had no history of metabolic disease, their glucose tolerance was normal, and while on a free diet their plasma cholesterol and glyceride concentrations were within 2 SD of "normal" mean values for this laboratory (3). Fifteen of these subjects were 17 to 21 years of age (nine male and six female), and two were males 30 and 40 years of age. Patients with hyperlipoproteinemia were also studied (Table I) . Five had the relatively rare familial fat-induced hyperlipemia, the "Type I" syndrome as defined elsewhere (10) . Eleven other patients (Table I) Table II with alpha, beta, and pre-beta lipoprotein and chylomicron bands defined by the paper electrophoretic method. (10) , and glycerides were determined while the patient was on an ad libitum diet. More detailed description of most of these patients appears elsewhere (3 for approximately 45 minutes and air dried. The plates were sprayed with a solution of 2,7-dichlorofluorescein in ethanol and the triglyceride spot scraped into a glassstoppered tube and transesterified with sodium methoxide in absolute methanol for 30 minutes at 65°C (13).
Gas-liquid chromatography. Fatty acid methyl esters were quantified by gas-liquid chromatography on 12-foot ethylene glycol succinate columns at 190°C with argon as carrier gas and a radium ionization detector. The composition of a National Heart Institute Standard D as determined by this system agreed within 10% for the major and within 20% for the minor components of this mixture (14) .
The corn oil and cocoa butter that were fed to induce alimentary particles to appear in plasma, and lipoprotein 2 Merck, Darmstadt, Germany. Figure 2 . After he had eaten a normal diet for 2 weeks, his plasma had a milky appearance in the (Figure 2 ). The triglycerides in the pre-beta lipoproteins from four of the normal subjects and two of the patients were isolated by preparative paper electrophoresis. As shown in Table III , these glycerides contained a preponderance of fatty acids consistent with their having originated mainly from endogenous synthesis (2, 18) .
Origin of the triglycerides in the chylomicron band.
One hundred g of mixed fat was fed to five normal subjects in whose plasma neither chylomicron nor pre-beta bands were seen in the fasting state. Blood was drawn 8 to 12 hours later and the plasma subjected to paper electrophoresis. In each case, a faint chylomicron band, but no prebeta band, appeared. The effect of feeding fat was much more dramatic in a patient with fatinduced hyperlipemia (Figure 3 ). While this child (G.S., Table I In plasma samples from a normal subject fed fat and from a patient with fat-induced hyperlipemia (P.P., Table I ), primary and secondary particles were separately isolated on starch blocks. These were resuspended in isotonic saline and applied to paper for electrophoresis. Both the primary and secondary particles remained at the origin on paper. Plasma was obtained from another patient abnormally subject to fat induction while he was on the normal diet (J. P., Table I ). The particles in this plasma were distributed on starch in a single broad peak that extended from the beta to alpha2 regions. In the PVP gradient tube, the turbid particles formed distinct top and bottom layers, but some opalescence was also present throughout the tube. The starch block was cut in narrow regions in the beta and alpha2 zones. The eluate from the beta zone, corresponding to secondary particles as defined by Bierman and his associates (Table II) , all remained at the origin in the position of chylomicrons. The eluate from the alpha, zone of the starch block was separated into two bands on paper. One remained at the origin, and the second ran as a pre-beta band. These results are compatible with the presence of both "primary" and "endogenous" particles in the alpha, region on starch (6). The primary particles behaved as chylomicrons on paper; the endogenous material migrated to the pre-beta region.
Simultaneous electrophoresis and flocculation.
Plasma samples obtained from four normal subjects not less than 9 to 12 hours after they had eaten 100 g of mixed fat were also simultaneously separated by the three methods. In all samples, only secondary particles were present as defined by the starch-block (5) or PVP technique (7). On paper electrophoresis, each plasma sample contained a chylomicron band but no pre-beta band. Plasma samples from patients E.G. and I.R. (Table I), which contained opalescence only in the intermediate zone in the PVP gradient tubes as described for endogenous particles (6), contained by paper electrophoresis a pre-beta band but no chylomicrons.
Analysis of particles isolated by ultracentrifugation. Plasma was obtained from two normal subjects 12 hours after they had eaten 250 g of cocoa butter. The particle fraction was isolated by ultracentrifugation. Human albumin was added to a final concentration of 4% to provide a marker for measurement of mobility and the suspension subjected to simultaneous starch-block and paper electrophoresis. Figure 6 illustrates that whereas both primary and secondary particles were present in the starch block, only a dense chylomicron band appeared on paper.
Trailing of pre-beta lipoprotein. On paper electrophoresis of hyperlipemic plasma, a "trail" of lipid-staining material is frequently seen extend- ing from the pre-beta region to the origin. Thi effect is due to the presence of lipoproteins an( particles of very low density (8, 9, 19) . In th4 present studies, trailing was seen in some degree whenever pre-beta lipoprotein was present, ever in pure preparations of this material from patients on fat-free diets (Figures 2 and 3) . To examine the relationship of the size of pre-beta lipoproteins to their tendency to trail, plasma was obtained from J.G. after he had been on the fat-free diet for 3 weeks (Figure 2 ). Lipoprotein fractions were separated from this lactescent plasma in the preparative ultracentrifuge, under conditions defined in the nomogram of Dole and Hamlin (4), to obtain classes of lipoproteins corresponding approximately to Sf > 105, Sf 400 to 105, and Sf 20 to 400. The preparations were not further washed after the initial separation. On paper (Figure 7) , the Sf > 105 fraction extended from the pre-beta region to the origin as a light and uniformly stained area. The major fraction of endogenous particles (Sf 400 to 105) and the Sf 20 to 400 lipoprotein fraction each formed a distinct prebeta band again with a faint trail extending uniformly to the origin. The staining of the trail produced by particles of Sf 400 to 105 was proportionately heavier. The tendency of the pre-beta lipoproteins and particles to trail appears to be directly related to their size and inversely related to their density.
Pure chylomicron preparations do not show any tendency to migrate away from the origin, but instead diffuse as a discrete band around it (Figure 6 ). When there are sufficient chylomicrons to form a discrete peak or band in the starch or PVP separation, they can be seen as a discrete band around the origin even in the presence of the trail that commonly follows pre-beta lipoproteins. An example of this can be seen in Figure 3 (strip identified as on 10-g fat diet). When the plasma is extremely lipemic, a one-or twofold dilution with saline sharpens this distinction. Chylomicrons do not migrate on paper electrophoresis but remain at the origin as a discrete band. The glycerides in this band have a fatty acid pattern closely resembling the ingested fat. The chylomicron band includes both the primary and secondary particles as defined by starch-block electrophoresis (5) or PVP gradient flocculation (7). In contrast, endogenous particles as defined by using starch or PVP (6) and very low density lipoproteins as defined in the ultracentrifuge migrate to the pre-beta position on paper. The prebeta band contains glycerides with a fatty acid pattern consistent with their predominantly endogenous origin. A correlation of the results obtained by paper electrophoresis with those of other techniques is presented in Table IV .
The chemical or physical bases for the convenient separation obtainable on paper, which occurs only in the presence of albumin in the buffer The first two patients whose responses to diet were described in the Results offered a clear-cut distinction between fat and carbohydrate induction of hyperlipemia. In many patients, however, hyperlipemia is exacerbated by both high-fat and high-carbohydrate diets. Both chylomicrons and endogenous particles may simultaneously collect in plasma even while such patients are on a normal diet. The distinction between the two types of particles is preserved even though there may be trailing of endogenous glycerides in the region where the chylomicrons are concentrated.
We have used the paper electrophoretic technique for the diagnosis and follow-up of several hundred patients with abnormal blood lipid concentrations. These include more than 50 patients in whom the results were correlated with direct demonstration of fat or carbohydrate induction of hyperlipemia under carefully controlled metabolic diets. Dietary testing and plasma glyceride analyses are still necessary to establish whether endogenous hyperlipemia is due to abnormal carbohydrate induction, which is only quantitatively different from the normal response to increased dietary carbohydrate (24) . However, the paper technique does permit the recognition of fat-induced and "mixed" hyperlipemia without dietary testing and further enables one to estimate, at any point in time, the proportion of plasma glycerides that has come from endogenous and exogenous sources. It provides a simple and rapid way to follow and record studies of lipoprotein metabolism. The lipoprotein patterns provided by this paper electrophoretic system have been proposed as the basis of a new classification of familial hyperlipoproteinemia (10) .
Summary
The plasma lipoproteins and "particles" separated by paper electrophoresis in barbital buffer containing 1 
